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I. INTRODUCTION 

The objective served by photographing the moon in the 
Lunar Orbiter missions is to provide detailed information about 
the terrain in selected areas of  the moon. In each such photo- 
graph ,  certain numerical processes must be performed in order 
to make intelligent use o f  the data contained in it. First, 
the images must be compensated for the l o s s  of high-frequency 
d e t a i l s  caused by the camera telephoto lens. In order to use 
the  photographs for constructing lunar maps, photometric non- 
linearity and distortions must be corrected and the photometric 
function must be used to convert image brightness to lunar sur- 
face slope. In addition, it is desirable to devise rapid and 
automatic methods of comparing lunar terrains on the basis of 
their hostility to spacecraft landings. 

The reason for considering optical techniques of 
numerical processing can be illustrated b y  a simple example: 
In the processing of Ranger lunar photographs by computer, 
sophisticated picture correction methods take about 15 minutes 
of computer time per picture. In a typical Ranger photograph, 
there  are about l o 6  points of data. In a Lunar Orbiter photo- 

a Lunar Orbiter photograph by Ranger methods would take 1000 
t.imcs as long--about 250 computer hours per image. Because of 
the large number of Lunar Orbiter photographs, some alternative 
data-processing scheme, not subject to the relative slowness of 
computer:;, would permit quantitative analysis of much more of 
the available data. 

,g;';raph, there are about 10 9 points of data. Thus, to process 

It i;; for this reason that optical data processing 
( O D P )  is considered. Essentially, ODP is an analogue technique 
whose only speed limitation is related to the time required for 
developing photographic emulsions. Much of  the technology of 
ODP can be understood by analogy to the techniques used in 
designing analogue filtering devices in electrical engineering. 
Earlier techniques of electrical filter synthesis were concerned 
with the design of filters f o r  one-dimensional (electrical) 
signals. By distinction, ODP is concernbd with the synthesis of 
filters for two-dimensional signals like photographic images. 
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I n  t h i s  p a p e r ,  two t y p e s  o f  image p r o c e s s i n g  are d i s -  
c u s s e d .  Under t h e  h e a d i n g  of " c o r r e c t i v e  masks" appea r  two 
image-comperlsation t e c h n i q u e s  whose p l a u s i b i l i t y  was r e c e n t l y  
s u g g e s t e d . "  These c o r r e c t i v e  masks  a re  f o r  t h e  pu rpose  o f  
b r i g h t n e s s  compensat ion of l u n a r  photographs  from t h e  e f f e c t s  
o f  v i g n e t t i n g * *  i n  t h e  Ground Record ing  Equipment and from 
v a r i a t i o n s  i n  b r i g h t n e s s  l e v e l s  o v e r  t h e  photographed  l u n a r  
s c e n e s .  Under t h e  h e a d i n g  of " s p a t i a l  f i l t e r i n g  masks"  a p p e a r  
s u g g e s t i o n s  i n v o l v i n g  l i n e a r  f i l t e r i n g  o p e r a t i o n s  on p h o t o  
images t h a t  would o t h e r w i s e  b e  performed by d i g i t a l  f i l t e r i n g .  
I n  p a r t i c u l a r ,  t h e  d e s i g n  o f  two-dimensional  n o i s e  s u p p r e s s i o n  
f i l t e r s  f o r  l u n a r  photographs i s  c o n s i d e r e d .  A l s o ,  a scheme 
f o r  p a t t e r n  r e c o g n i t i o n  o f  s p a c e c r a f t  l a n d i n g  o b s t a c l e s  by 
f i l t e r i n g  o f  l u n a r  photographs  i s  p r e s e n t e d .  With a modera te  
r e s e a r c h  e f f o r t ,  i t  i s  b e l i e v e d  t h a t  t h e s e  t e c h n i q u e s  c o u l d  be 
irnplemeilted t o  produce r e s u l t s  comparable t o ,  and more r a p i d  
t h a n ,  wnat cou ld  b e  ach ieved  by a d i g i t a l  computer f o r  t h e  same 
d a t a  format. 

t h e  ODP and o p t i -  
memorandum. 
which have ap- 

11:. B A C K G R O U N D  

A se lected b i b l i o g r a p h y  o f  p a p e r s  i n  
c a l  f i l t e r i n g  f i e l d  a p p e a r s  a t  t h e  end of t h i s  
R a t h e r  t h a n  r e h e a r s e  basic  t h e o r e t i c a l  r e s u l t s  
p e a r e d  i n  wel-1-wri t ten review a r t i c l e s ,  4 5 5  we presuppose  some 
knowledge of' o r d i n a r y  F o u r i e r  t r a n s f o r m  t h e o r y .  I n  what 
f o l l o w s ,  one can b e a r  i n  mind t h e  p i c t u r e  o f  an ODP sys t em as 
a s i m p l e  o p t i c a l  bench c o n s i s t i n g  o f  a l a se r  o r  mercury a r c ,  
a s s o r t e d  l e n s e s ,  an " i n p u t  p lane"  i n  which t h e  p h o t o g r a p h i c  
p l a t e  t o  be p r o c e s s e d  i s  p l a c e d ,  a " F o u r i e r  p l a n e "  i n  which i s  
p l a c e d  t h e  p h o t o g r a p h i c  r e p r e s e n t a t i o n  o f  an o p t i c a l  f i l t e r ,  and 
an  "ou tpu t  p l a n e "  i n  which i s  l o c a t e d  an unexposed s h e e t  o f  f i l m  
t h a t  r e c e i v e s  t h e  p r o c e s s e d  Image. Much o f  t h e  ana logy  between 
one- d i  mens i on a 1 e l e  c t r i  c a l  f i 1 t e r s and t w 0- d i  mens i o n a l  o p t  i c a1 
f i l t e r s  w i l l  b e  e v i d e n t  i n  what f o l l o w s .  Our pu rpose  i n  p re sen -  
t i n g  t h e  s u g g e s t e d  t e c h n i q u e s ,  as wel l  as schemes f o r  implemen- 
t i n g  t h e s e  t e c h n i q u e s  i s  t o  show how much o f  t h e  c u r r e n t  s ta te -  
o f - t h e - a r t  can b e  used  f o r  implementing o u r  s u g g e s t i o n s .  

111. CORRECTIVE METHODS 

A .  - M u l t i p l i c a t i v e  C o r r e c t i o n s  

I n  t h e  Lunar O r b i t e r  image f ramelets ,  a pronounced 
v i g n e t t i n g  e f f e c t  caused  b y  t h e  s p a c e c r a f t  l i n e  s c a n  t u b e  and 

*The s u g g e s t i o n  occur red  a t  a confe rence  w i t h  p e o p l e  f rom 
Tech/Ops, I n c . ,  B u r l i n g t o n ,  M a s s a c h u s e t t s .  

* * V i g n e t t i n g  i s  a m u l t i p l i c a t i v e  v a r i a t i o n  i n  i n t e n s i t y  
a c r o s s  t h e  image. 
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the Ground Recording Equipment is visible. This vignetting 
arises from intensity variations in the light beams scanning 
the framelets, and is a multiplicative effect. By comparison 
of framelets from the received "Goldstone leader" image* with 
portions of the original image in our possession, a two- 
dimensional array of correction factors could be calculated. 
Since the same vignetting appears on every framelet, a 
standard correction mask could be prepared from this calcu- 
lated array of corrections. The mask would consist of a film 
plate whose optical transmission as a function of its coordi- 
nates is proportional to the corresponding array of correction 
factors. 

To correct some framelet that displays vignetting, 
the framelet and mask are aligned in proximity, and a beam of 
light is shined through the two pieces of film. The composite 
image is thereupon corrected for vignetting and can be focused 
onto an unexposed sheet of film. Alternatively, an image of 
the correction mask is projected onto an uncorrected framelet. 
The resultant illuminated image is then projected onto an 
unexposed sheet of film. 

Assuming careful control of such factors as film 
positioning, dimensional accuracy of the images, and film ex- 
posures, this correction method is as accurate as computer 
processing. A suggested method of synthesizing the compensa- 
ting mask involves the use of an isodensitometer tracing to 
generate a "half-tone" compensating function t o  be reduced by 
photography onto a sheet of film.** 

B. Standardization of Image Brightness 

Another possible use for a compensating mask is as 
a photometric function standardization device for Lunar Orbiter 
images. For a given lunar image having a known distribution of 
surface illumination and observation angles, a computer program 
could compute an approximate compensation mask. If the varia- 
tion of the photometric function over the lunar surface in the 
image is sufficiently slow, a considerable savings of labor is 
obtainable by  computing the mask compensating factors on a 
regional basis rather than point-by-point. Such a method offers 
greatest potential for quick processing of high-resolution lunar 
photography, where the assumptions are most valid and extremes 
of accuracy are not needed. 

*The leader has uniform density fields. 

**Private communication, Dr. L. Kofsky, Tech/Ops, 
Burlington, Massachusetts. 



BELLCOMM, !NC. - 4 -  

. 
A photographic image compensated by this process 

has a brightness distribution that is an almost uniform, 
nonlinear function of surface slope. One step remains to 
prepare such an image f o r  processing by further analog 
techniques. By optical means, the compensated image is 
transformed geometrically so that the photometric planes are 
in the x-direction of an x-y coordinate system. 

In our scheme, the resulting image can next be 
scanned by a high-resolution facsimile machine in the x- 
direction of the image coordinate system. The electrical 
signal from each scanned line of the image is passed through 
an appropriate nonlinear network whose transfer function com- 
pensates for the lunar photometric function. In the resulting 
i.mage signal, brightness is proportional to ground slope.* 
Such a processed image is useful for purposes of terrain map- 
ping and for automatic analysis of spacecraft landing hazards, 
as will be seen later. 

I V .  SPATIAL FILTERING MASKS 

In much of the current ODP technology, spatial fil- 
tering masks take the form of special-purpose diffraction 
gratings inserted in the "Fourier plane" of an optical bench 
of the type described earlier. The design of these masks is 
a well-understood technology, as evidenced by current journal 
articles. 1,294,9 

to special optical interferometers which photograph the gra- 
tings on a sensitized plate. 4,9 In these latter methods, an 
arbitrary photograph is inserted in the interferometer, a 
light source is turned on, and the grating appears on the 
sensitized plate at the output of the device. 

These articles describe various methods, 
ranging from special computer programs which draw the gratings 1 3 2  

The Fourier transforms realized by these gratings can 
be multiplied and added together optically to form specialized 
two-dimensional filters. The multiplication is accomplished by 
cascading optical benches to obtain multiple Fourier planes so 
that the spatial filtering masks can be multiplied optically. 
Examples of transfer functions useful in processing Lunar O r -  
biter photographs will be given in what follows, 

*If an integrating circuit were added after the non- 
linear network, the resultant image signal would be pro- 
portional to elevation. 
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A .  Noise Compensation and C o n t r a s t  Enhancement o f  Imagerx 

A b a s i c  problem i n  r e p r o d u c t i o n  of  Lunar O r b i t e r  photo-  
g raphs  i s  t h a t  t h e  c h a r a c t e r i s t i c s  o f  t h e  image t r a n s m i s s i o n  
s y s t e m  are n o t  e n t i r e l y  p r e d i c t a b l e  i n  advance.  Impor t an t  exam- 
p l e s  o f  t h i s  phenomenon are t h e  a d d i t i v e  n o i s e  and image degrada-  
t i o n s  a r i s i n g  from t h e  s p a c e c r a f t  camera l e n s  f i l m  modula t ion  
t r a n s f e r  f u n c t i o n .  I n  t h e  des ign  o f  compensat ing f i l t e r s  f o r  
t h e s e  d e g r a d a t i o n s ,  one p i e c e  o f  i n f o r m a t i o n  has n o t  y e t  b e e n  
s u p p l i e d :  t h e  e x a c t  n a t u r e  of  t h e  two-dimensional  power spec-  
t rum o f  t h e  o r i g i n a l  image s i g n a l  i s  unknown. These c o n s i d e r a -  
t i o n s  a f f e c t  t h e  d e s i g n  o f  f i l t e r i n g  d e v i c e s  f o r  p r o c e s s i n g  
Lunar  O r b i t e r  imagery. 

I n  Appendix A appears  a s u g g e s t i o n  f o r  d e s i g n i n g  nea r -  
o p t i m a l  Wiener f i l t e r s  t o  compensate l u n a r  pho tographs .  The 
d e s i g n  o f  t h e s e  f i l t e r s  i s  based on c e r t a i n  assumpt ions  about  
t h e  s t a t i s t i c a l  n a t u r e  of t h e  two-dimensional  b r i g h t n e s s  power 
s p e c t r a  o f  l u n a r  photographs .  These assumpt ions  have y e t  t o  b e  
v e r i f i e d  o r  mod i f i ed  e m p i r i c a l l y .  A s  an a l t e r n a t i v e  t o  t h e  
approach  i n  Appendix A ,  we p r e s e n t  here  an o p t i c a l  s p a t i a l  f i l -  
t e r  r e a l i z a t i o n  of a f i l t e r i n g  scheme a l r e a d y  p roved  success fu l  
on t h e  ea r l i e r  Ranger photographs .  

The method used t o  d e s i g n  a d i g i t a l  f i l t e r  for t h e  
e a r l i e r  Ranger photographs  can b e  d e s c r i b e d  as follows:13 
u s e  t h e  n o t a t i o n  w = ( w x ,  w ) t o  deno te  s p a t i a l  f r equency  coor- 
d i n a t e s  i n  t h e  s p a c e  o f  two-dimensional  F o u r i e r  t r a n s f o r m s .  A 
g i v e n  photograph  has a b r i g h t n e s s  d i s t r i b u t i o n  B ( r ) ,  w i t h  
- r = ( x , y )  t h e  c o o r d i n a t e s  of p o i n t s  i n  t h e  image. L e t  T ( w )  be 
t h e  l e n s  f i l m  modula t ion  t r a n s f e r  f u n c t i o n  o f  t h e  s p a c e c r a f t  
camera under  a n a l y s i s .  L e t  w be  t h e  c u t o f f  f requency  o f  t h i s  
l e n s  f i l m  system. Then, t h e  form o f  t h e  d i g i t a l  f i l t e r  used  t o  

we 

Y - 

- 

-C 

compensate t h e  Ranger photographs  i s  as g iven  i n  (1): 1 3  

- 1 f o r  I I w _ l I > l  lwcl  I -T(wcJ 

I n  t h e  o r i g i n a l  d i g i t a l  f i l t e r  r e a l i z a t i o n  o f  (l), 
T 1 ( w )  i s  i n v e r t e d  t o  g i v e  an impulse  r e sponse  T 1 ( r ) ,  t h a t  i s  
n u m e r i c a l l y  convolved w i t h  t h e  image b r i g h t n e s s  s y g n a l  B ( r ) .  - 
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I n  an ODP s y s t e m ,  a f i l t e r i n g  mask c o r r e s p o n d i n g  t o  T 1 ( w )  can be 
c o n s t r u c t e d ,  and t h e n  used i n  an  o p t i c a l  bench t o  p r o c e s s  photo-  
graphs  i n  b a t c h e s .  Fo r  such  a p r o c e s s i n g  scheme, on ly  t imes of 
exposure  and f i l m  d e v e l o p i n g  l i m i t  s p e e d ,  and g r e a t  econamies  o f  
t i m e  can b e  r e a l i z e d  by o p e r a t i n g  s e v e r a l  o p t i c a l  benches s imul-  
t a n e o u s l y .  
p o i n t s  i n  a l u n a r  image must b e  o p e r a t e d  on i n  sequence by  t h e  
s y s t e m  f u n c t i o n  T ' ( r ) .  F o r  l a r g e  numbers o f  pho tographs ,  t h e  
o p t i c a l  method seems more r a p i d .  

Fo r  t h e  computer,  on t h e  o t h e r  hand,  each  o f  t h e  1 0  9 

B. D e t e c t i o n  o f  Camera M i s f u n c t i o n  

I n  t h i s  s e c t i o n ,  we s u g g e s t  a n  e m p i r i c a l  method of  
d e t e c t i n g  t h e  causes  o f  p o s s i b l e  Lunar O r b i t e r  camera misfunc-  
t i o n s .  The p r i n c i p a l  r a t i o n a l e  used i n  d e t e c t i o n  i s  based on 
t h e  f o l l o w i n g  o b s e r v a t i o n s  : image-motion b l u r  i s  a n  i n v e r t i b l e  
( l i n e a r )  o p e r a t i o n  on t h e  image when caused  by any image d i s -  
p lacement  o v e r  t h e  f i l m  i n  which t h e  image does n o t  move back 
o v e r  i t s e l f .  Thus,  t h e  combined e f f e c t s  o f  un i form and nonuni-  
form motions i n  s e v e r a l  d i r e c t i o n s  can  b e  a n a l y z e d  by F o u r i e r  
t r a n s f o r m  theory, s o  l o n g  as t h e  combined motion sa t i s f ies  t h e  
above c o n d i t i o n .  

The f o l l o w i n g  d i s c u s s i o n  g i v e s  t h e  F o u r i e r  t r a n s f o r m s  
o f  several r e p r e s e n t a t i v e  t y p e s  of  image b l u r r i n g .  The impor- 
tance of d i s c u s s i n g  t h e s e  t r a n s f o r m s  ar ises  from t h e  f o l l o w i n g  
fact :  i n  a n  o p t i c a l  f i l t e r i n g  bench such  as t h e  t y p e  descr ibed 
e a r l i e r ,  i t  i s  p o s s i b l e  t o  i n s e r t  a s e n s i t i z e d  p l a t e  i n  t h e  
F o u r i e r  p l a n e .  When a t r a n s p a r e n c y  i s  p l a c e d  i n  t h e  i n p u t  
p l a n e  and t h e  l i g h t  s o u r c e  i s  t u r n e d  on, an  image P ( w > *  appea r s  
on the  p l a t e  i n  t h e  F o u r i e r  p l a n e .  The b r i g h t n e s s  d F s t r i b u t i o n  
on t h i s  p l a t e  i s  p r o p o r t i o n a l  t o  t h e  modulus o f  t h e  two- 
d i m e n s i o n a l  F o u r i e r  t r a n s f o r m  o f  t h e  p l a t e  i n  t h e  i n p u t  p l a n e .  
Thus,  t h i s  arrangement  p e r m i t s  i n s t a n t  s p e c t r a l  a n a l y s i s  o f  
l u n a r  images. 

The F o u r i e r  t r a n s f o r m s  of t h e  v a r i o u s  t y p e s  o f  un i -  
form and nonuniform b l u r s  e x h i b i t  a p e r i o d i c  e f f e c t  a r i s i n g  from 
t h e  f i n i t e  w id th  of t h e  b l u r r i n g  i n t e r v a l s .  A s  one example,  t h e  
t r a n s f o r m  T ( f )  o f  l i n e a r  motion b l u r  i s  g i v e n  as 1 

s i n (  n f c )  
I T l ( f ) l  = n f c  

w ) i s  t h e  c o o r d i n a t e  o f  a p o i n t  on t h e  image i n  
(Wx, Y 

*w = - 
a r e c t i  l i n e a r  c o o r d i n a t e  system. 
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(Here, c i s  t h e  wid th  of t h e  b l u r r i n g  i n t e r v a l  and f i s  t h e  
s p a t i a l  f requency  a l o n g  t h e  d i r e c t i o n  o f  b l u r . )  F o r  t h e  n e x t  
o r d e r  of motion b l u r ,  i n v o l v i n g  c o n s t a n t  a c c e l e r a t i o n  o f  t h e  
image o v e r  t h e  f i l m ,  t h e  a s s o c i a t e d  F o u r i e r  t r a n s f o r m  T 2 ( f )  i s  
o f  t h e  form 

F o r  t h e  c a s e  o f  double  imaging,  where two i d e n t i c a l  images a r e  
r e c o r d e d ,  one d i s p l a c e d  c u n i t s  f rom a n o t h e r ,  t h e  a s s o c i a t e d  
t r a n s f o r m  T ( f )  i s  g i v e n  by 3 

The p e r i o d i c  e f f e c t s  o f  t h e  s i n ( n f c )  terms i n  (1) and 
( 2 )  are manifested by r e g u l a r l y  s p a c e d  da rk  bars of w i d t h  ( l / c )  
cpmm. i n  t h e  F o u r i e r  t r a n s f o r m  photograph  of t he  image descr ibed 
e a r l i e r .  The d a r k  bars a r i s e  from t h e  nega t ive -va lued  i n t e r v a l s  
o f  s i n ( n f c )  i n  (1) and (2), t h a t  do n o t  r e g i s t e r  on p h o t o g r a p h i c  
emul s ions .  F o r  t y p e  ( 2 )  blur, t he  a s s u m p t o t i c  b e h a v i o r  of t he  
t r a n s f e r  f u n c t i o n  i s  o f  p a r t i c u l a r  i n t e r e s t :  

F o r  t y p e  ( 3 )  b l u r ,  a l t e r n a t e  g r e y  bands are  v i s i b l e  i n  t h e  
F o u r i e r  spec t rum,  w i t h  i n t e n s i t y  peaks spaced  ( l / c )  cpmm. 
a p a r t .  

. One l i m i t a t i o n  t o  t h i s  d e t e c t i o n  scheme r e s u l t s  from 
t h e  n e c e s s i t y  of c o u n t i n g  i n t e n s i t y  minima on t h e  F o u r i e r  t r a n s -  
form of some b l u r r e d  image. I f  t h e  e x t e n t  o f  t h i s  m i s f u n c t i o n  
i s  t o o  small, i . e . ,  

( f c )  < <  1 ( 5 )  
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f o r  f below t h e  c u t o f f  of t h e  l e n s  f i l m  s y s t e m ,  no z e r o e s  w i l l  
a p p e a r  i n  t h e  F o u r i e r  t r a n s f o r m  o f  t h e  images, a l t h o u g h  t h e  
h igh- f requency  i n f o r m a t i o n  i n  t h e  images may s t i l l  b e  degraded .  * 

i n g  from s e v e r a l  k i n d s  o f  b l u r r i n g  motion i n  more t h a n  one 
d i r e c t i o n  w i l l  e x h i b i t  a v a r i e t y  o f  r e g u l a r l y  spaced  b l a c k  l i n e s .  
The d i s t a n c e  between these l i n e s  p r o v i d e s  a measure o f  t h e  i n -  
t e r v a l  o v e r  which t h e  b l u r  o c c u r s .  The o r i e n t a t i o n  o f  t hese  
l i n e s  b e t r a y s  t h e  d i r e c t i o n s  i n  which b l u r r i n g  o r i g i n a l l y  occur-  
red. Once t h e  e f f e c t s  o f  t h e  l e n s - f i l m  modula t ion  t r a n s f e r  
f u n c t i o n s  are compensated f o r ,  a q u a n t i t a t i v e  es t imate  o f  t h e  
h igh- f requency  enve lope  o f  t h e  b l u r  t r a n s f o r m s  can be  o b t a i n e d  
f rom t h e  r e s u l t i n g  F o u r i e r  t r a n s f o r m  o f  t h e  image. One, o r  
p o s s i b l y  s e v e r a l ,  models d e p i c t i n g  t h e  cause  of  t h e  b l u r  can 
t h e n  b e  c o n s t r u c t e d .  From these  models ,  compensat ing masks f o r  
t h e  image can b e  des igned .  The mask which a p p e a r s  t o  p r o v i d e  
t h e  best  image r e s t o r a t i o n  then  co r re sponds  t o  t h e  b e s t  guess  
as t o  the  o r i g i n  o f  t h e  b l u r .  

I n  g e n e r a l ,  t h e  F o u r i e r  t r a n s f o r m  of  an image s u f f e r -  

C. S u p p r e s s i o n  of Framle t  L ines  

F o r  p u r p o s e s  of o p t i c a l  i n s p e c t i o n  and s t e r e o s c o p i c  
a n a l y s i s ,  it i s  d e s i r a b l e  t o  c o n s t r u c t  composi te  Lunar O r b i t e r  
images i n  which a c l u s t e r  of framelets compose an image of a 
l u n a r  s c e n e .  I n  a l l  photographs  c o n s t r u c t e d  from framlets,  a 
p a t t e r n  o f  b l a c k  l i n e s  is  v i s i b l e  between t h e  framlet edges. 
T h i s  p a t t e r n  h i n d e r s  s t e r e o s c o p i c  i n s p e c t i o n  o f  p a i r s  o f  low 
r e s o l u t i o n  images. By use o f  o p t i c a l  t e c h n i q u e s ,  i t  i s  a s i m p l e  
matter t o  s y n t h e s i z e  a bands top  s p a t i a l  f i l t e r  t h a t  w i l l  sup- 
p r e s s  t h e  o p t i c a l  spec t rum of  these  b l a c k  l i n e s . * *  

The amount of  p r o c e s s i n g  t ime i n v o l v e d  i n  f i l t e r i n g  
these l i n e s  from a n  image i s  n e g l i g i b l e ,  s i n c e  t h e  same f i l t e r  
c a n  s u f f i c e  f o r  a l l  l i n e d  images. Indeed ,  one c o u l d  conce ive  
o f  an o p t i c a l  v i ewer  i n c o r p o r a t i n g  t h e  s p a t i a l  f i l t e r  f o r  l i n e  
s u p p r e s s i o n  as p a r t  o f  t he  o p t i c s . * * *  Where i t  i s  desirable t o  
a v o i d  s u p p r e s s i o n  o f  a l l  v e r t i c a l  l i n e s  i n  a p r o c e s s e d  image, t h e  

* P r i v a t e  communication, Dr. Pau l  R o e t t l i n g ,  C o r n e l l  
A e r o n a u t i c a l  L a b o r a t o r i e s ,  B u f f a l o ,  N e w  York. 

*%The a u t h o r  has r e c e n t l y  l e a r n e d  t h a t  e n g i n e e r s  a t  C o r n e l l  
A e r o n a u t i c a l  L a b o r a t o r i e s  have succeeded  i n  d o i n g  j u s t  t h i s .  

***S imi l a r  d e v i c e s  have been i n  use  s i n c e  1905 ,  when L e i t z  
i n t r o d u c e d  a s t u d e n t  microscope w i t h  removable enhancement 
f i l t e r s .  
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s p a t i a l  f i l t e r  can b e  des igned  t o  s u p p r e s s  a p a r t i c u l a r  p a t t e r n  
o f  l i n e s ,  such  as t h e  p a t t e r n  produced  i n  an  image composed o f  
n i n e  frame l e t s  . 

D. Automatic D e t e c t i o n  of S p a c e c r a f t  O b s t a c l e s  and 
Craters i n  Lunar Imagery 

I n  t h e  photograph  of a l u n a r  t e r r a i n  i s  a c l a s s  of 
o b j e c t s  o f  a p a r t i c u l a r  s i z e ,  s h a p e ,  and o r i e n t a t i o n ,  whose 
p r e s e n c e  i s  t o  b e  d e t e c t e d  mechan ica l ly .  For  t h i s  s e c t i o n ,  w e  
take c r a t e r s  as t h e  example o f  a c l a s s  o f  t e r r a i n  f e a t u r e s  t o  
be d i s c o v e r e d .  To d e t e c t  t h e s e  o b j e c t s  by o p t i c a l  s p a t i a l  f i l -  
t e r i n g ,  i t  i s  n e c e s s a r y  t o  s t a n d a r d i z e  t h e  image b r i g h t n e s s  s o  
as t o  compensate f o r  v a r i a t i o n  i n  sun  a n g l e  and g r o s s  changes 
i n  l u n a r  s u r f a c e  s l o p e  o v e r  a photographed  t e r r a i n .  Methods 
s u c h  as t h o s e  descr ibed i n  s e c t i o n  (111, B )  are recommended f o r  
t h i s  t a sk .  

Given t h e  b r i g h t n e s s - c o r r e c t e d  photograph  o f  a l u n a r  
s c e n e ,  we super impose  a c o o r d i n a t e  s y s t e m ,  w i t h  r = ( x , y )  as 
t y p i c a l  c o o r d i n a t e s  of a p o i n t .  With such  a s t a n d a r d i z e d  photo- 
g r a p h ,  i t  i s  p o s s i b l e  t o  c o n s i d e r  t h e  b r i g h t n e s s  d i s t r i b u t i o n  
B(g) as a sum of components: 

Here, 

I n  (l), xi i s  t h e  c o o r d i n a t e  l o c a t i n g  t h e  i t h  o b j e c t  whose 
b r i g h t n e s s  d i s t r i b u t i o n  i s  g i v e n  by D ( r ) .  S i n c e  D ( r )  - i s  a 
c l a s s  of  c r a t e r s  i n  t h i s  example, t h e  c o n s t a n t s  ki i n  ( 2 )  are 
u s e d  t o  i n d i c a t e  c ra te rs  of v a r y i n g  dep ths  i n  (1). Thus,  f o r  
ki > k we s a y  t h a t  c r a t e r  i i s  deeper  t h a n  c r a t e r  j i n  t h e  

image, and t h e r e f o r e  produces a s t r o n g e r  s i g n a l .  The s i g n a l  
F ( r )  i s  a combina t ion  o f  n o i s e  and s u r f a c e  f e a t u r e s  n o t  char -  
a c E e r i z e d  by D ( r ) .  - 

j' 

I n  what f o l l o w s ,  two s p a t i a l  f i l t e r s  are t o  be- con- 
s t r u c t e d .  The first f i l t e r  i s  a bandpass  f i l t e r  t h a t  a l l o w s  t h e  
s p e c t r a  of o u r  c r a t e r s  t o  pass and s u p p r e s s e s  a l l  o t h e r  s p a t i a l  
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. 
f r e q u e n c i e s .  The second f i l t e r  i s  a s o - c a l l e d  matched f i l t e r  of 
t h e  s o r t  t h a t  has been used i n  expe r imen t s  f o r  r e c o g n i z i n g  t h e  

p r e s e n c e  and l o c a t i o n  o f  words i n  p r i n t e d  t e x t . '  
these two f i l t e r s  w i l l  b e  a s y s t e m  t h a t  on ly  p e r m i t s  images ex- 
c e e d i n g  a c e r t a i n  b r i g h t n e s s  t o  b e  s e e n .  

I n  between 

A s  w e  w i l l  show, t h e  t h r e s h o l d  s y s t e m  w i l l  emphasize 
a l l  images p a s s e d  t o  a uniform b r i g h t n e s s  l e v e l ,  and w i l l  sup- 
press  a l l  images below i t s  t h r e s h o l d  of  t o l e r a n c e .  The t h r e s h o l d  
image modula t ion  0 i s  s e l e c t e d  s o  t h a t ,  f o r  ki > e t h e  image of 
a c r a t e r  o f  modula t ion  i n d e x  ki  i s  t r a n s f o r m e d  i n t o  a c r a t e r  
image o f  modula t ion  k i t ,  where 

- 

k i t  = 1 

Thus, t h e  t h r e s h o l d  s y s t e m  t r a n s f e r s  t h e  f i l t e r e d  v e r s i o n  o f  
B(r) i n t o  B t ( r ) ,  w i t h  

f o r  a l l  i such  t h a t  

Here, F ' ( r )  i s  what i s  l e f t  o f  F ( r )  a f t e r  passage  t h r o u g h  t h e  
c r a t e r  bandpass  f i l t e r  and t h e  t h r e s h o l d  d e v i c e .  

We now d e s c r i b e  one method f o r  c o n s t r u c t i n g  t h e  fil- 
t e r s :  t h e  f i r s t  s t e p  i s  t o  c o n s t r u c t  D ( r ) ,  t h e  b r i g h t n e s s  
d i s t r i b u t i o n  of t h e  c r a t e r  whose p r e s e n c e  i s  t o  b e  d e t e c t e d .  A 
sca le  model of t h e  c r a t e r  can be  c o n s t r u c t e d .  The sca le  model 
i s  i l l u m i n a t e d  t o  s i m u l a t e  t h e  l i g h t i n g  and v iewing  c o n d i t i o n s  
i n  t h e  image t o  b e  p rocessed .  A photograph  o f  t h e  model i s  
t a k e n .  The model has been p o s i t i o n e d  i n  t h e  c e n t e r  o f  i t s  pho- 
t o g r a p h  w i t h  t h e  same o r i e n t a t i o n  and i l l u m i n a t i o n  as t h e  o b j e c t  
t o  b e  d e t e c t e d  i n  t h e  l u n a r  image. The two s p a t i a l  f i l t e r s  can 
now b e  c o n s t r u c t e d  from t h i s  pho tograph ,  whose b r i g h t n e s s  d i s -  
t r i b u t i o n  i s  g iven  by  D(E>. 
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We f i r s t  i n d i c a t e  how a c r a t e r  bandpass  f i l t e r  c o u l d  
b e  c o n s t r u c t e d  f o r  D ( r ) .  An o p t i c a l  bench can be  s e t  up w i t h  
t h e  image D ( r )  i n  the- input  p l a n e  and a s e n s i t i z e d  p l a t e  i n  t h e  
F o u r i e r  p l a n e .  It  w i l l  b e  reca l led  t h a t  t h e  image o f  D ( r )  i n  
t h e  F o u r i e r  p l a n e  i s  t h e  magnitude o f  i t s  two-dimens iona i  
F o u r i e r  t r a n s f o r m .  Thus,  t h e  image exposed on t h e  s e n s i t i z e d  
p l a t e  w i l l  have a b r i g h t n e s s  d i s t r i b u t i o n  I D ( w ) l ,  where D ( w )  i s  
t h e  t r a n s f r o m  o f  D ( r )  - and w - = ( w x ,  w ) i s  the -vec to r  f requency  
i n  t h e  t r a n s f o r m  image. The developed  n e g a t i v e  p l a t e  now i s  a 
bands top  f i l t e r  f o r  t h e  image o f  D ( r ) .  To produce a bandpass  
f i l t e r  f o r  D ( r ) ,  w e  c o n t a c t  p r i n t  tFe image I D ( w ) l  o n t o  a high-  
c o n t r a s t  p l a t e  emuls ion .  
co r re sponds  t o  a f i l t e r  t h a t  passes a l l  f r e q u e n c i e s  t h a t  o c c u r  
i n  D(w) - and s u p p r e s s e s  a l l  o t h e r  f r e q u e n c i e s .  

Y 

The r e s u l t i n g  p h o t o g r a p h i c  p l a t e  

We n e x t  c o n s t r u c t  t h e  matched f i l t e r  f o r  D ( r ) .  T h i s  
f i l t e r  i s  n o t h i n g  more t h a n  a g r a t i n g  which r e a l i z e s  che ampli-  
t u d e  and phase  components o f  D ( - w ) ,  t h e  t r a n s f o r m  o f  D ( - r ) .  
The g r a t i n g  i s  c o n s t r u c t e d  by p l a c i n g  t h e  r o t a t e d  image of D ( r )  - 
on t h e  i n p u t  of a s u i t a b l y  a r r anged  o p t i c a l  i n t e r f e r o m e t e r . '  
can next see what the e f f ec t  of  t h e  matched f i l t e r  i s  on t h e  
bandpassed ,  t h r e s h o l d e d  s i g n a l  B' ( r )  - g i v e n  i n  ( 3 ) .  

We 

The e f fec t  of t h e  matched f i l t e r  is s e e n  most e a s i l y  
by c o n s i d e r i n g  B '  ( w ) ,  t h e  t r a n s f o r m  o f  B t ( r ) .  - B'(w) - i s  r e p r e -  
s e n t e d  i n  ( 4 )  as f o l l o w s :  

P a s s i n g  s i g n a l  B 1 ( r )  t h rough  t h e  matched f i l t e r  g r a t i n g  on an 
o p t i c a l  bench y i e l a s  an ou tpu t  s i g n a l  o ( r )  - whose t r a n s f o r m  i s *  

The i n v e r s e  t r a n s f o r m  o f  I D ( w )  i s  s imply the  a u t o c o r r e l a t i o n  
f u n c t i o n  of D ( r ) .  Thus,  t h e - f i r s t  term i n  ( 5 )  a p p e a r s  as a 

*Note: D ( - w )  - i s  t h e  complex c o n j u g a t e  o f  D ( w ) .  - 
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c o n f i g u r a t i o n  o f  b r i g h t  s p o t s  o f  l i g h t *  i n  t h e  image O ( r ) .  
These b r i g h t  s p o t s  are l o c a t e d  where each  c r a t e r  t o  be  a e t e c t e d  
i n  t h e  o r i g i n a l  image occur red .  The second term i n  ( 5 )  i s  
s i m p l y  t h e  c r o s s - c o r r e l a t i o n  f u n c t i o n  o f  D ( r )  and F 1 ( r )  t h e  
n o i s e  and c l u t t e r  f i e l d ,  which y i e l d s  a ranaom s c a t t e F i n g  of 
l o w - i n t e n s i t y  l i g h t  b l o b s  i n  t h e  image o f  O ( r ) .  - 

t h e  c r a t e r  s p o t s  t h a t  appea r  i n  O ( r ) ,  as w e l l  as t h e  b r i g h t n e s s  
t h a t  r e s u l t s  f rom t h e  threshold ing-and  c o r r e l a t i o n  o p e r a t i o n s  on 
t h e  c r a t e r s .  With t h i s  knowledge, we have a r e l i a b l e  and r a p i d  
means f o r  a u t o m a t i c a l l y  d e t e c t i n g  t h e  number and l o c a t i o n  o f  
c r a t e r s  i n  a l u n a r  photograph .  It  s h o u l d  b e  n o t e d  t h a t  a s i n g l e  
f i l t e r  w i l l  match t o  c r a t e r s  o f  on ly  one diameter. 

We can measure or c a l c u l a t e  i n  advance t h e  w i d t h  o f  

v. C O N C L U S I O N  

A t  p r e s e n t ,  i t  seems d o u b t f u l  t h a t  o p t i c a l  data p ro -  
c e s s i n g  ( O D P )  can g i v e  a c c u r a t e  and r a p i d  computa t ions  o f  such  
i n f o r m a t i o n  as p h o t o m e t r i c a l l y  d e r i v e d  a l t i t u d e  p r o f i l e s .  T h i s  
l i m i t a t i o n  stems from t h e  n a t u r e  of ODP, which p e r m i t s  large 
volumes of s t a n d a r d i z e d  l i n e a r  o p e r a t i o n s  on i n p u t  d a t a ,  b u t  
has no c a p a b i l i t y  f o r  a r i t h m e t i c  computa t ions  and " l o c a l  c o r r e c -  
t i o n t t  programs.  Thus,  i n  a p p l i c a t i o n s  where large volumes of 
p r e d e t e r m i n e d  l i n e a r  o p e r a t i o n s  must b e  per formed,  ODP i s  i n -  
comparably fas te r  t h a n  c o n v e n t i o n a l  computer p r o c e s s i n g .  F o r  
a p p l i c a t i o n s  t h a t  c a l l  f o r  s p e c i a l i z e d  o p e r a t i o n s  on one s e t  o f  
da ta ,  i n  which t ime-va ry ing  c o r r e c t i o n s  are  de te rmined  from 
a n o t h e r  s e t  of data ,  ODP i s  awkward t o  use  a t  b e s t .  I n  compar- 
ab l e  s i t u a t i o n s ,  ODP o f f e r s  p o t e n t i a l l y  t h e  same accuracy  and 
l i n e a r i t y  as computer p r o c e s s i n g ,  a t  much lower  p r o c e s s i n g  
c o s t .  

8 

The s u g g e s t i o n s  i n  t h i s  memorandum are  l a r g e l y  f o r  
t h e  pu rpose  o f  o b t a i n i n g  r a p i d  a l t e r n a t i v e s  t o  computer p roces -  
s i n g .  I n  p a r t i c u l a r ,  f o r  t h e  problems o f  o b s t a c l e  d e t e c t i o n  
and  c r a t e r  c o u n t i n g ,  b o t h  p a t t e r n  r e c o g n i t i o n  problems,  t h i s  
memorandum o f f e r s  a scheme f o r  d i r e c t  image p r o c e s s i n g  i n  which 
t h e  i n p u t  i s  an u n c o r r e c t e d  image and t h e  o u t p u t  i s  an image 
w i t h  on ly  t h e  o b j e c t s  whose p r e s e n c e  and number are  t o  be  de te r -  
mined. 

*The v a l u e  of t h e  a u t o c o r r e l a t i o n  f u n c t i o n  a t  i t s  c e n t e r  
(E = 0 )  i s  t h e  i n t e g r a t e d  squa red  v a l u e  of  t h e  e n t i r e  image. 
T h i s  s h o u l d  b e  much g r e a t e r  t h a n  t y p i c a l  o u t p u t  v a l u e s  f rom 
t h e  n o i s e  f i e l d .  



BELLCOMM, I N C .  - 13 - 

F u r t h e r  a p p l i e d  r e s e a r c h  t o  implement and improve on 
t h e s e  b a s i c  ideas  i s  t o  be recommended. Because o f  t h e  p r e s e n t  
a v a i l a b i l i t y  o f  most o f  t h e  technology needed f o r  implement ing  
o u r  s u g g e s t i o n s ,  t h e  inves tment  i n  equipment and t i m e  f o r  such  
research should  n o t  be  of  major  p r o p o r t i o n s .  
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APPENDIX A 

On t h e  Design of  Wiener F i l t e r s  f o r  Lunar Images 

F i g u r e  6 o f  r e f e r e n c e  ( 1 0 )  c h a r t s  t h e  power s p e c t r a l  
d e n s i t i e s  o f  t e r r a i n  a l t i t u d e s  o f  s u r f a c e s  such  as a grass run- 
way, an area of  Mare Cognitum, and t h e  B o n i t o  Lava f low i n  
Ar izona .  The cu rves  o f  t h e s e  s p e c t r a  a l l  f a l l  r emarkab ly  c l o s e  
t o  f u n c t i o n s  o f  t h e  form 

Here, w i s  frequency i n  r a d i a n s  p e r  meter, and P i (w)  i s  a random- 
d i r e c t i o n ,  one-dimensional Fourier  spectrum over t e r r a i n  i. I n  
t h i s  s e c t i o n ,  we take t h e  hypothesis tha t  equation (1) i s  empiri- 
c a l l y  co r rec t  f o r  t h e  l una r  sur faces  seen by Lunar O r b i t e r .  

Suppose t h a t  we wish  t o  f i n d  t h e  power spec t rum o f  
s u r f a c e  s l o p e s  a p p e a r i n g  i n  a g i v e n  l u n a r  s c e n e .  L e t  a ( r )  re- 
p r e s e n t  t h e  a l t i t u d e  of  a l u n a r  s u r f a c e  as a f u n c t i o n  o f  
d i s p l a c e m e n t  r from some o r i g i n .  Then t h e  s u r f a c e  s l o p e  i s  g iven  
by  a l ( r ) ,  t h e  first d e r i v a t i v e  of a l t i t u d e .  I n  communication 
t h e o r y  terms, t a k i n g  t h e  d e r i v a t i v e  o f  a ( r )  i s  l i k e  p a s s i n g  s ig-  
n a l  a ( r )  th rough  a f i l t e r  h ( r )  whose t r a n s f e r  f u n c t i o n  i s  

H ( w )  = j w  

From e q u a t i o n  (l), we have t h a t  Q a a ( w ) ,  t h e  power 
s p e c t r u m  o f  a l t i t u d e s ,  i s  of t h e  form 

2 a a a ( w )  = Ka/w 
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Appendix A 

By well-known r e s u l t s  o f  l i n e a r  s y s t e m s  t h e o r y ,  t h e  power spec-  
t rum o f  s l o p e s  can t h e n  b e  found from q a a ( w ) :  

T h a t  i s ,  t h e  power spec t rum of  l u n a r  s u r f a c e  s l o p e s  i s  o f  t h e  
form 

f o r  a l l  s p a t i a l  f r e q u e n c i e s  of  i n t e r e s t .  

The br ightness  seen  a t  an i l l u m i n a t e d  p o i n t  of t h e  
l u n a r  surface i s  a n o n l i n e a r ,  p o s i t i o n a l l y  dependent  f u n c t i o n  of  
s u r f a c e  s l o p e .  A lunar s u r f a c e  p h o t o g r a p h i c  image t h a t  has been 
compensated f o r  v a r i a t i o n s  i n  i l l u m i n a t i o n  a n g l e ,  v i ewing  a n g l e ,  
and s u r f a c e  a l b e d o  has a b r i g h t n e s s  d i s t r i b u t i o n  t h a t  i s  a un i -  
f o r m  f u n c t i o n  of s u r f a c e  s l o p e .  On t h a t  bas i s ,  i t  seems 
r e a s o n a b l e  t o  b e l i e v e  t h a t  S ( w ) ,  t h e  ( f u l l y  c o r r e c t e d )  two- 
d i m e n s i o n a l  b r i g h t n e s s  power s p e c t r u m  o f  l u n a r  images,  i s  re- 
l a t ed  d i r e c t l y  t o  t h e  power spec t rum o f  l u n a r  s u r f a c e  s l o p e s .  
I n  p a r t i c u l a r ,  t h e r e  i s  e m p i r i c a l  ev idence  from e q u a t i o n  ( 3 )  t o  
s u g g e s t  t h a t  S(w)  i s  of t h e  same form as e q u a t i o n  ( 4 ) .  - 

On t h e  f o r e g o i n g  ev idence ,  w e  can s u g g e s t  a p a r t i c u -  
l a r l y  s i m p l e  form of t h e  Wiener optimum f i l t e r  f o r  u se  i n  
p r o c e s s i n g  t h e  l u n a r  photographs .  L e t  F(w) r e p r e s e n t  t h e  l e n s  
f i l m  modula t ion  t r a n s f e r  f u n c t i o n  o f  t h e  s p a c e c r a f t  camers ,  
which can b e  measured i n  advance. R ( w )  i s  t h e  two-dimensional  
power spec t rum o b t a i n e d  from B ( c ) ,  the image b r i g h t n e s s  d i s t r i -  
b u t i o n  o f  a p h o t o m e t r i c a l l y  c o r r e c t e d  l u n a r  image. S ( w )  i s  t h e  
a c t u a l  power spec t rum of l u n a r  s u r f a c e  s l o p e s ,  as d i s c u s s e d  
above.  Then, t h e  optimum two-dimensional Wiener f i l t e r  i s  

g i v e n  by ( 5 ) :  1 0 , 1 2  
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2 
I n  ( 5 ) ,  n o t e  t h a t  F(w) - , S ( w ) ,  and R ( w )  are  r e a l  

f u n c t i o n s  o f  w .  - I n  a d d i t i o n ,  from (47, w e  have-that 

f o r  a l l  s p a t i a l  f r e q u e n c i e s  o f  i n t e r e s t .  T h i s  mean t h a t  ( 5 )  can 
b e  r e w r i t t e n  i n  terms of  i t s  ampl i tude  and phase  f u n c t i o n s  as 
f o l l o w s :  

Here, 

It i s  u s e f u l  t o  d i s c u s s  t h e  p h y s i c a l  s i g n i f i c a n c e  o f  
( 6 ) :  w e  obse rve  t h a t  t he re  i s  much more h igh- f requency  d e t a i l  
i n  any l u n a r  s cene  t h a n  can be r e c o r d e d  by one imaging camera. 
Imagine an  exper iment  i n  wh ich  an o r b i t i n g  s a t e l l i t e  photo-  
g raphed  t h e  moon o v e r  some f i x e d  l o c a t i o n  on t h e  s u r f a c e ,  under  
un i fo rm l i g h t i n g  c o n d i t i o n s .  S e v e r a l  p i c t u r e s  are  t a k e n ,  each  
one  t w i c e  as n e a r  t o  t h e  s u r f a c e  as t h e  p r e v i o u s  one. Each 
s u c h  p i c t u r e  w i l l  be  crammed w i t h  d e t a i l .  But e q u a t i o n  ( 4 )  
above i m p l i e s  t h a t  there  i s  no a p r i o r i  way o f  t e l l i n g  from t h e  
pho tographs  themse lves  which  a l E i t u d e  t h e y  were photographed  
from. On t h e  o t h e r  hand,  e q u a t i o n  ( 4 )  does n o t  imply t h a t  t h e  
power s p e c t r a  R ( w )  of t h e s e  photographs  w i l l  b e  i d e n t i c a l .  T h i s  
i s  because  S(w)  Ts a term i n  R ( w ) ,  and S(w) may b e  an a r b i t r a r y  
c o n s t a n t  whicF v a r i e s  from s c e n e  t o  s c e n e .  Thus,  t h e  b a l a n c e  
between s i g n a l  and n o i s e  power c o n t a i n e d  i n  R ( w )  changes from 
s c e n t  t o  s c e n e .  

On t h e  bas i s  o f  e q u a t i o n  ( 7 ) ,  we can o u t l i n e  one 
p r a c t i c a l  scheme f o r  o p t i m a l  n o i s e  s u p p r e s s i o n  i n  r e c e i v e d  l u n a r  
i m a g e r y :  t h e  image i s  f irst  p r o c e s s e d  t o  remove m u l t i p l i c a t i v e  
e f f e c t s ,  such  as v i g n e t t i n g ,  and n o n l i n e a r  e f f e c t s ,  such  as are 
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de tec t ed  i n  t h e  f i l m  exposure  c a l i b r a t i o n .  By u se  o f  t h e  o p t i -  
c a l  bench ,  a f i l m  mask M ( w )  i s  exposed whose b r i g h t n e s s  d i s t r i -  
b u t i o n  i n  terms o f  c o o r d i n a t e s  w = ( w x ,  w ) on t h e  mask i s  g i v e n  
by  R ( w _ ) .  T h i s  mask i s  t h e n  c o n t a c t  p r i n t e d  on a second s e n s i -  
t i z e d  p l a t e  t o  g i v e  b r i g h t n e s s  d i s t r i b u t i o n  p r o p o r t i o n a l  t o  
l/R(x). 
F o u r i e r  p l a n e s .  I n t o  t h e  f i r s t  p l a n e  i s  i n s e r t e d  a mask which 
s i m u l a t e s  t h e  f u n c t i o n  

Y - 

An o p t i c a l  bench i s  s e t  up i n  cascade  h a v i n g  two 

and i n t o  t h e  second F o u r i e r  p l a n e  i s  i n s e r t e d  t h e  mask whose 
b r i g h t n e s s  d i s t r i b u t i o n  i s  of t h e  form l / R ( w ) .  The image u s e d  
t o  p r e p a r e  t h e  R ( w )  mask i s  p l a c e d  on t h e  i n p u t  p l a n e ,  and a 
s e n s i t i z e d  p l a t e  %n t h e  ou tpu t  p l a n e  r e c e i v e s  t h e  f i l t e r e d  
image. This f i l t e r e d  image s h o u l d  b e  c o r r e c t e d  f o r  a d d i t i v e  
system and f i l m  g r a i n  n o i s e  and f o r  t h e  e f f e c t  o f  t h e  f i l m  l e n s  
t ram fe r  f u n c t i o n .  

If r e c e i v e d  images f o r  a p a r t i c u l a r  l e n s  o f  t h e  Lunar  
O r b i t e r  a l l  y i e l d  similar p r o c e s s e d  masks c o r r e s p o n d i n g  t o  R(w), 
a f u r t h e r  p r o c e s s i n g  economy c o u l d  b e  ach ieved :  on ly  one masc 
would b e  needed t o  p r o c e s s  a l l  o f  t h e  r e c e i v e d  imagery from a 
g i v e n  l e n s  f i l m  s y s t e m  of t h e  Lunar O r b i t e r .  There i s  some 
r e a s o n  t o  b e l i e v e  t ha t  t h i s  s i t u a t i o n  may a r i s e  i n  p r a c t i c e :  
t h e  a u t h o r ' s  e x p e r i e n c e  w i t h  a F o u r i e r  a n a l y s i s  p a t t e r n  recog-  
n i t i o n  exper iment  i n d i c a t e s  t h a t  most o f  t h e  v a r i a t i o n  between 
o p t i c a l  t a rge ts  i n  a c l a s s  o f  s imilar  p a t t e r n s  becomes e v i d e n t  
f r o m  t h e  phase components of t h o s e  t a r g e t ' s  F o u r i e r  s p e c t r a .  
Thus ,  v a r i a t i o n  between l u n a r  imagery b r i g h t n e s s  power s p e c t r a  
c o u l d  w e l l  b e  minor.  


